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Abstract 
Egypt has suffered great damage due to earthquakes from near and distant sources, both in historical and recent times. 
Seismic microzonation one of the vital engineering studies because it has a great effect on structure bases. In this 
study, Hurghada was chosen as a city and its famous ground motion (Shedwan earthquake (31/03/1969)).  
The objectives of this study are: Draw the microzoning map to Hurghada city by using computer finite element 
program, estimation of the dynamic properties of the soil layer, evaluation of the foundation material characteristics 
and defining both the fundamental resonance frequency and the amplification characteristics of ground vibration at 
Hurghada city to protect the structures from damages related to earthquakes. 
© 2011 Published by Elsevier Ltd.  
Keywords: Seismic; Microzonation; Hurghada; Egypt. 
1. INTRODUCTION
Earthquakes are the most typical phenomena of hazard; it has effects on nature human life and man-made 
structures. In Egypt the earthquake’s activity considered as moderate, although there are a lot of loses in 
lives, economic and social damages , This phenomena is due to different reasons as, the subsurface 
structure and surface soil effects which cause amplification for seismic waves and lead to more 
destruction. Among the defined seismic sources in Egypt those located in the North-eastern part (where 
the study area is located) such as Gulf of Suez, Gulf of Aqaba, and Northern part of Red Sea. 
2. RESEARCH WORK 
The basic parameters of the research study can be summarized in two main items are: 
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        1. Ground motion. 
        2. The study area. 
        3. Seismic activity in and round Hurghada city. 
2.1 Ground motion 
Egypt was shaken by many earthquakes, most of those are moderate, here the study takes one of the 
famous scenario earthquake into account (Shadwan earthquake) which occurred in (1969), this event had 
a moderate magnitude (M = 6.6) and was located about 25 Km north of Shadwan Island 
2.2 The Study area 
The study presents the reasons for choose this area, location of this area in general also the Hurghada 
region, and determines the sites of locations. 
Hurghada city was selected to achieve this study due to the following reasons:  
1- Its economic and tourist importance either in the present time and future. 
2- Hurghada city is affected by moderate seismic activity due to its location closed to the triple junction 
of the African and Arabian plates and the Sinai sub-plate. The boundaries of these plates are seismically 
active and are represented by three active seismic sources; the Northern Red Sea seismic zone, Gulf of 
Suez and Gulf of Aqaba.  
3- Constructions in Hurghada don’t follow the guidelines for seismic design criteria and the poor quality 
of building material. Hence, even earthquake with magnitude 5 will cause damage in this city. 
2.2a The location of study area (Hurghada city) 
Hurghada city lies between latitudes 27.06q & 27.41q N and longitudes 33.61q & 33.90q E, with a total 
area of about 200 km2 along the Red Sea coast the studied area is bordered in the south by Safaga city 
and in the north by Ras Garib city. Figure 1 shows the location map of the studied area. 
  Figure 1: Location map of the studied area. 
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2.2. b Surface and Subsurface Geology  
The surface geology of Hurghada city varies considerably from one site to another, the main surface 
sediments are sabkhahs, and recent wadi deposits, alluvial wadi deposits and coralline limestone belong 
to Cenozoic age. These sediments are overly directly the basement complex which outcrops at the 
western part of Hurghada city. These sediments subjected to tectonic movements during the geologic 
history of the area, (Egyptian National Research institute of Astronomy and Geophysics’). 
There are a number of complex structural elements on the surface Figure 2, and their directions are NW 
and NE. Also the subsurface geology varies considerably from the northern, central and southern part of 
Hurghada city. Shallow borehole data from 11 locations distributed in and around Hurghada city are 
available Figure 3. The following is the description of borehole data at the study area: 
In the northern part of Hurghada city, two shallow boreholes are available. From shallow borehole data, 
the lithology of this part of Hurghada city consists of 6 layers with total depth 72 meters.  
In the central part of Hurghada city, 7 shallow boreholes are available. From shallow borehole data, the 
lithology of this part of Hurghada city consists of 4 layers with total depth 20 meters.  
In the southern part of Hurghada city, two shallow boreholes are available. From this borehole, the 
lithology of this part of Hurghada city consists of 3 layers with total depth 42 meters 
2.3 Seismic Activity in and around Hurghada City 
Hurghada city is located in a seismically active area where it is closed to the triple junction of the African 
plate, Arabian plate and Sinai sub-plate. The boundaries of these three plates are seismically active and 
are represented by three seismic source zones ; the north part of Red Sea, the southern part of the Gulf of 
Suez and the Gulf of Aqaba seismic zones. 
i- The north part of Red Sea seismic zone: 
The earthquakes occurrences are concentrated along the axial trough of Red Sea. The focal mechanisms 
of earthquake swarms are normal faulting with the T-axis perpendicular to the strike of the trough. There 
is an active earthquake swarm at the northern edge of the Red Sea. These earthquakes caused panic 
damages for structures buildings and ground fissures.  
ii- The southern part of the Gulf of Suez seismic zone: 
The high seismicity rate in the southern entrance of the Gulf of Suez is related to the crustal movements 
among the Arabian plate, African plate and Sinai sub-plat. It is also as a result of the opining of the Red 
Sea and the extension in the Gulf of Suez and the strike-slip motion of the Gulf of Aqaba.          
Two earthquake swarms were recorded from Shadwan and Gubal Islands at the southern entrance of the 
Gulf of Suez. The mechanism of faults responsible for the earthquakes at Shadwan Island, (where the 
1969 (Ms 6.6) earthquake occurred) are normal faulting with the T-axis perpendicular to the strike of the 
Gulf. This earthquake caused heavy damages in the building and also ground fissures on the land and 
islands inside the Gulf of Suez. In addition to the swarm of Gubal Island, (located about 25 Km north of 
Shadwan Island) shows reverse faulting with the P-axis perpendicular to the strike of the Gulf 
(Anbazhagan et al., 2008). 
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Figure 2: Radar topographic map show structural elements around Hurghada city.
Figure 3: Distribution of shallow boreholes at Hurghada city.
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iii- The Gulf of Aqaba seismic zone: 
This source represents the active zone in the last two decades. There are two swarms in 1983 (500 
earthquakes) and 1993 (983 events) were recorded from this zone. On 22 November, 1995, the largest 
earthquake (Mw = 7.2) in this zone struck strongly the whole area around the Gulf of Aqaba. The effects 
of this earthquake have reached to Cairo city (about 500 Km from the epicenter). Severe damage was 
occurred in Nuweiba and Dahab cities along the western side of the Gulf of Aqaba. On 8th March 2000, 
an earthquake of intermediate magnitude (5.7 Ml) was occurred in the Gulf of Aqaba and felt over a large 
area including Hurghada city and southern Sinai. The distributions of recent earthquakes (from 1900 to 
2005) around the study area are shown in Figure 4.    
Figure 4: Distribution of recent earthquakes around Hurghada city (From 1900 to Dec 2005).
3.  NUMERICAL ANALYSIS OF THE MICROZONATION OF HURGHADA CITY 
Proshake program (ver.1.1); it is a new computer program for seismic ground response analysis of 
horizontally large soil deposits. It was developed from EduShake program (www.proshake.com), 
Sitharam, T.G. et al., 2007. 
- The study chooses (13) sites to solve it by using this program:  
      1)  The first 10 sites are taken by seismic refraction method  
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      2)   The next 3 sites taken from residential building. As shown in Figure 5 
From a certain geotechnical study shown that Hurghada city was divided into two deferent regions, each 
region has the same soil profile; as shown in Figure 6. 
Regarding to the pervious classification for the earthquake intensity; the numerical simulation takes site 
No (9) from zone (1), and site No (8) from zone (2) 
Figure 5: Sites locations which coved the Hurghada city. Figure 6: Hurghada city was divided into twosimilar regions in 
soil types.
4. THE MICROZONATION MAP OF HURGHADA CITY 
The main objective is of the study to present new Microzoning Map for the case study of Hurghada city; 
as it was cleared in Figures 7 and 8. 
Figures 7 and 8 present the peak acceleration intensity for the two soil layer; where each layer with 10 
meter depth. These layers are the most important layer when the structural designer wants to take the 
effect of the seismic effect on the structure.  
The stochastic simulation technique was used to calculate Peak Ground Acceleration (PGA) at 81 sites 
distributed within Hurghada. The Maximum PGA produced by the Southern Gulf of Suez seismic source 
is calculated. 
Ground motion amplification factors controls the site of high values of PGA. The response spectrum 
which reflects the characteristics of earthquake was calculated also at various damping values. 
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Figure 7: Peak acceleration intensity for Layer 1 Figure 8: Peak acceleration intensity for Layer 2
5. CONCLUSION 
Hurghada City is located on the northern part of Red Sea at the southern entrance of the Gulf of Suez; 
between latitudes 27.06q & 27.41q N and longitudes 33.61q & 33.90q E, with a total area of about 200 
km2 along the Red Sea coast the studied area. It has been affected by a relatively strong earthquake 
occurred on March 31st, 1969 with magnitude 6.9 Ms. Due to the damage distributions observed during 
this earthquake, it becomes necessary to carry out the seismic microzoning for Hurghada based on the 
integration between geological, seismological, geotechnical and structural information. The microtremor 
(ambient noise) measurements and analysis proved to be an efficient and low cost method for seismic 
microzoning. Through the application of horizontal/vertical (H/V) spectral ratio technique was possible to 
obtain both resonance frequency and the amplification factors of ground vibration at-71 sites within 
Hurghada city. It is noticed that these two parameters varies considerably from one site to another 
reflecting the changes in the thickness of sediments. The values for resonance frequency range between 
0.4 and 6.5 Hz. It decreases when the basement depth increases (e.g. in areas having younger alluvial 
deposits). While, the amplification factors range from 1 to 6 and vary from the northern zone of Hurghada 
towards the southeastern and eastern zones. The ground model and dynamic characteristics for the soil 
and foundation layer are estimated at 10-selected sites within Hurghada city. 
1) Egypt was shaken by many earthquakes, most of those are moderate.  
2) Soil and topographic have a great effects in damage distribution. 
3) The ground motion on soft soil sites are general larger than rock.  
4) The seismic zonation of the Hurghada city is underestimation in the Egyptian code 2008; may be it is 
need to more clarify.  
A summary of seismic microzonation of Hurghada city with simple methodology is presented in this 
paper. Hazard maps are generated using both deterministic as well as probabilistic approaches. 
Probabilistic study generates the spectral acceleration map, which is essential component for building 
designs. It is recommended to generate surface level spectral acceleration maps using probabilistic 
approach. Probabilistic hazard map for particular return period will be more useful for vulnerability and 
risk analysis. Even though different hazard index maps are generated for Egyptian cities, these maps are 
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developed considering different number of themes with weights and ranks. There is no global match in 
hazard index values. Hence, specification about number of themes, weights and ranks need to be 
recommended in near future. As a first level, several themes have been considered to generate hazard 
maps. 
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